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Abstract
Objective: Dietary diversity, and in particular consumption of nutrient-rich foods
including fruits, vegetables, nuts, beans and animal-source foods, is linked to
greater nutrient adequacy. We developed a ‘dietary gap assessment’ to evaluate
the degree to which a nation’s food supply could support healthy diets at the
population level.
Design/Setting: In the absence of global food-based dietary guidelines, we
selected the Dietary Approaches to Stop Hypertension (DASH) diet as an example
because there is evidence it prevents diet-related chronic disease and supports
adequate micronutrient intakes. We used the DASH guidelines to shape a
hypothetical ‘healthy’ diet for the test country of Cameroon. Food availability was
estimated using FAO Food Balance Sheet data on country-level food supply. For
each of the seven food groups in the ‘healthy’ diet, we calculated the difference
between the estimated national supply (in kcal, edible portion only) and the target
amounts.
Results: In Cameroon, dairy and other animal-source foods were not adequately
available to meet healthy diet recommendations: the deficit was −365 kcal
(–1527 kJ)/capita per d for dairy products and −185 kcal (–774 kJ)/capita per d for
meat, poultry, fish and eggs. Adequacy of fruits and vegetables depended on food
group categorization. When tubers and plantains were categorized as vegetables
and fruits, respectively, supply nearly met recommendations. Categorizing tubers
and plantains as starchy staples resulted in pronounced supply shortfalls:
−109 kcal (–457 kJ)/capita per d for fruits and −94 kcal (–393 kJ)/capita per d for
vegetables.
Conclusions: The dietary gap assessment illustrates an approach for better
understanding how food supply patterns need to change to achieve healthier
dietary patterns.
Keywords
Dietary diversity
Food supply
Food balance sheets
Dietary Approaches to Stop
Hypertension diet
Agriculture–nutrition
The need to improve diet quality, particularly among
populations most vulnerable to malnutrition, currently
figures prominently in global conversations(1). The ability
to access a healthy diet is included in the definition of food
security: ‘Food security exists when all people, at all times,
have physical and economic access to sufficient, safe and
nutritious food that meets their dietary needs and food
preferences for an active and healthy life’(2). At the country
level, population access to a high-quality diet depends on
the availability of an adequate supply of diverse nutrient-
rich foods(3). Availability of such foods is not sufficient to
ensure consumption of a healthy diet by everyone in the
population, due to variation in food distribution, access
and utilization attributable to factors such as geographic
location, gender, age or socio-economic status(4). Never-
theless, improving the adequacy of a nation’s overall food
supply is an essential step in meeting dietary intake goals.
The objective of the present paper is to describe the
methodology for a ‘dietary gap assessment’ approach to
evaluating the degree to which a nation’s current food
supply could meet the goal of achieving ‘healthy’ diets.
To demonstrate our methodology, we chose one healthy
diet pattern(5) and assessed food availability to meet this
pattern in one country, Cameroon.
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Adherence to dietary guidance and recommended
consumption patterns is associated with reductions in
chronic disease risk and all-cause mortality in adults(6,7). In
low-income settings, dietary diversity has been linked to
higher micronutrient density in infant diets and a higher
probability of micronutrient adequacy for adult women(8).
Diets in low-income countries and communities are often
dominated by starchy staple foods, with much smaller
amounts of nutrient-dense foods such as fruits, vegetables,
nuts, beans and animal-source foods(9). Compared with
most staple foods, these latter foods generally have a
higher nutrient density (amount of critical nutrients per
unit of energy). Country-level supply of starchy cereal and
tuber foods is associated with child stunting(10), possibly
due to the low micronutrient density of available foods. At
the same time, countries undergoing the ‘nutrition transi-
tion’ are experiencing greater demand for foods high in fat
and sugar, as well as rising rates of obesity and associated
chronic diseases(11). Cameroon, the ‘test country’ used to
demonstrate the approach described here, is among
the countries currently experiencing the ‘triple burden’
of undernutrition, micronutrient malnutrition and diet-
related chronic disease(12). These populations continue to
experience undernutrition, including micronutrient defi-
ciencies, often resulting in the coexistence of over- and
undernutrition in the same households and even at the
level of the individual (e.g. a person who is simultaneously
obese, stunted and anaemic)(13,14). Global energy avail-
ability per capita is continuing to increase, and is asso-
ciated with reduced rates of child stunting and (although
non-significant) increased rates of IHD(15). Given that no
country to date has reversed its obesity epidemic(16) and
that rates are growing rapidly even in low-income coun-
tries(17–19), addressing obesity-related lifestyle factors,
including diet quality, is necessary in all countries.
It has been argued that improvements to diet quality
offer a sustainable path to addressing the multiple forms of
malnutrition(20). Nutrient fortification and supplementation
interventions are efficacious in addressing micronutrient
malnutrition, but sustained success at scale depends on
external funding or adequate consumer demand(21,22).
Additionally, such interventions do little to address non-
communicable diseases and may even exacerbate non-
communicable diseases in instances where the vehicle for
fortification does not support healthy eating patterns (e.g.
vitamin A-fortified chocolate wafers). Dietary improve-
ments similarly require consumer demand and access, but
can simultaneously address the challenges of nutrition-
related chronic disease, micronutrient malnutrition and
undernutrition. Dietary change requires contributions from
public- and private-sector actors working in health and
agriculture(3,23) and comprehensive policies on health,
agriculture and trade that promote healthy diets in the face
of globalization(24). In this context, better understanding of
how the current food supply needs to change may help
inform efforts to achieve healthier diets(23,25).
Although a universal definition of a healthy diet does
not exist, various food-based dietary guidelines have been
issued that translate recommended nutrient intakes into
specific recommendations for foods to consume or avoid
for optimal health. Food-based guidelines have been
developed for over 100 countries, including numerous
upper- and middle-income countries but few lower-
income countries(26). In developing food-based dietary
guidelines, national authorities consider evidence linking
diet and health in the context of national public health
issues and priorities and cultural dietary patterns. Once
national health and nutrition priorities have been identi-
fied, locally available, culturally acceptable foods that
address nutrient requirements are identified(27). While
guidelines and particularly specific food items vary across
countries, there are common elements, including recom-
mendations to consume a variety of food groups, to
increase consumption of fruits and vegetables, and to limit
consumption of foods associated with chronic disease
risk(28). In addition to national food-based dietary guide-
lines, other approaches have included identification of
healthful diet patterns at the regional level (e.g. the Med-
iterranean diet(29), the new Nordic diet(30)) and for
reduction in risk of specific non-communicable diseases
(e.g. the Dietary Approaches to Stop Hypertension
(DASH) diet(31)). These diets also include the same
elements of diversity, ample fruits and vegetables, and
moderation in consumption of certain foods and ingre-
dients(32,33). The global relevance of these common
elements is also affirmed in WHO guidance(34). For our
analysis, we selected the DASH diet pattern as an example
because there is strong evidence (including a randomized
trial, albeit in the US context) that it leads to reductions in
multiple biomarkers of chronic disease risk factors(35)
while also meeting nutrient requirements(36). We selected
Cameroon as the ‘test country’ because we had access to
nationally representative dietary data to guide the cate-
gorization of foods commonly consumed in the local diet
into the food groups set forth in the DASH diet, to account
for differences in local food availability and preferences
when applying this diet to other contexts.
The method described in the current paper consists of
the following steps: (i) use the DASH guidelines, which are
expressed in numbers of servings per food group, to
construct a reference ‘healthy’ diet expressed as the
average amount of energy to be consumed from each of
seven food groups, per capita, per day; (ii) calculate the
quantity of food within each of the food groups that would
be required for all Cameroonians to attain the reference
diet; and (iii) compare the results with national-level data
on food supply from FAO Food Balance Sheets (FBS). This
allows us to estimate the ‘gap’ between the current food
supply and that required to promote health. Although
other efforts have focused on global availability of selected
foods(37) and regional(38) and national availability of
specific nutrients(39,40), to our knowledge, this is the first
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attempt to develop an adaptable methodology that could
be used, globally, to identify gaps between national food
supplies and an evidence-based healthy diet pattern.
Because our approach uses FAO FBS data to quantify the
food supply, the approach could be extended globally and
could incorporate evaluation relative to other reference
diet patterns.
Methods
Overview
To estimate the dietary gap in Cameroon, we: (i) selected
energy intake per food group as the most appropriate
metric for comparing the food supply data with the DASH
diet recommendations; (ii) used intake data from Came-
roon to select foods commonly consumed in Cameroon
to be included in each of the DASH food groups;
(iii) calculated target energy values for each food group
(kcal/capita per d); (iv) used national food supply data
to calculate per capita energy supply for each DASH
food group; and (v) compared the national food
supply with target energy values. Each of these steps is
described below.
Rationale for using the DASH diet
Research preceding the development of the DASH diet
assessed the impact of single nutrients and dietary factors
on reducing rates of hypertension. The DASH study was
initiated to evaluate the efficacy of an overall dietary pat-
tern, rather than single nutrients, for lowering blood
pressure(31). The DASH diet was designed to help ensure
adequate intakes of both macronutrients and micro-
nutrients, as described in greater detail elsewhere(5,36). It
was developed to be consistent with dietary recommen-
dations for the prevention of cancer, osteoporosis and
heart disease(41), and emphasizes low sodium intake,
increased consumption of fruits, vegetables and whole-
grain cereals, and balanced intake of lean meats, poultry,
fish, eggs and low-fat dairy products.
Rationale for selecting Cameroon as test country
Like many low- and middle-income countries, Cameroon
is experiencing a nutrition transition, with slightly over half
the population now residing in urban areas(42). The Global
Nutrition Report 2015 cites high rates of stunting in
Cameroon among children under the age of 5 years (33%)
and anaemia among women of reproductive age
(41·5%)(43), and a nationally representative survey showed
that 32% of women of reproductive age were overweight
(BMI≥ 25 kg/m2) and 11% were obese (BMI≥ 30 kg/m2).
Overweight and obesity were particularly evident in the
two largest urban areas, where 48% of women had
BMI≥ 25 kg/m2 and 20% had BMI≥ 30 kg/m2(44). Because
Cameroon is experiencing the nutrition transition and
because data were available from a 2009 national nutrition
survey including dietary intake data that enabled us to
operationalize the DASH diet, Cameroon was a logical
choice for a first test case of the dietary gap approach.
Selection of energy as the unit of comparison
The DASH dietary guidelines recommend consuming a
specific number of servings of food from each of seven
food groups. To operationalize the DASH recommenda-
tions for our analysis, we chose to convert the recom-
mended number of servings for each food group into total
energy (in kilocalories; 1 kcal= 4·184 kJ) from each group,
rather than amounts (grams) per group, to allow for the
most appropriate comparison with the data available from
the FBS (described further below). In particular, the FBS
data for weight in grams represent the total amount of
food available as it enters the household, including any
non-edible (waste) portion, whereas the values for energy
equivalents (kcal from each food) represent the edible
portion only and thus are more appropriate for compar-
ison with a reference diet that is also based on edible
portions.
We set the target energy content of the reference diet to
2100 kcal (8786 kJ)/capita per d based on the World Food
Programme’s estimated energy requirements for popula-
tions(45). The World Food Programme’s estimate is based
on a generic developing-country profile assuming an adult
male weight of 60 kg, an adult female weight of 52 kg and
‘light’ physical activity level. Using the World Food Pro-
gramme’s age- and sex-specific estimates of per capita
energy requirements, we calculated a weighted average of
daily energy requirements based on Cameroon’s age and
sex profile as well as the proportions of pregnant and
lactating women(46). The resulting estimated energy
requirement (2040 kcal (8535 kJ)/capita per d) was similar
to the World Food Programme’s estimate, so for simplicity
we based our calculations on a 2100 kcal (8786 kJ)
reference diet.
Classification of local foods into reference
diet groups
By presenting a dietary pattern based on food groups, the
DASH diet allows flexibility to select food items within
each food group that are preferred based on cultural
norms, tastes, allergies, etc. However, the diversity of
foods within each food group complicates the calculation
of a single value for energy content per serving from a
food group, which will depend on the individual food
items selected.
Because the DASH diet was designed based on foods
commonly consumed in the USA, assessing the adequacy
of the national food supply in Cameroon to achieve
the DASH diet required populating the DASH food
groups with foods consumed in Cameroon. This was
accomplished by first selecting a ‘short list’ of available
and accessible food items in Cameroon to represent each
food group (Table 1). These items were identified by
Dietary gap assessment 2279
examining data from a national survey of dietary intakes of
women and young children in Cameroon(47). Dietary data
were collected using an interactive 24 h recall method,
with replicate recalls in a subset of participants. Food items
were included in the short list if they were consumed on at
least ~5% of person-days in the dietary database. Spices,
alcoholic beverages and pastries (from the Grains group)
and items in the ‘Sweets and added sugars’ food group
(refined sugar and chocolate products) were excluded.
Then, we classified each food on the short list into one
of the seven DASH groups. For most foods, classification
was straightforward (dairy, fats and oils, grains, meat and
nuts/seeds/legumes). However, definitions of fruit and
vegetable groups historically have varied depending on
context and objective(48). In the broadest definition,
‘vegetable’ could refer to any edible plant. More com-
monly, grains and legumes/nuts/seeds are grouped
separately. Classifications of roots and tubers such as
white potatoes, sweet potatoes and yams have varied
depending on cultural context and the purpose of the
classification. Some have advocated excluding all roots
and tubers from the vegetable category(49) and some have
also excluded plantains from the fruit category(50,51). The
rationale for these exclusions is that these foods are dif-
ferent from other fruits and vegetables in both nutrient
content and culinary use, and typically function as ‘starchy
staples’ in the areas where they are consumed. However,
in the DASH diet, white potatoes are classified as a
vegetable. Because the DASH diet was designed to
include only foods commonly consumed in the USA, there
is no mention in the original DASH diet description of
other roots and tubers commonly consumed in tropical
countries nor is there mention of plantains(52). We took
two approaches to classifying roots, tubers and plantains
in order to illustrate the impact of these classifications on
assessment of the adequacy of the national supply of fruits
and vegetables. In the first scenario, we included plantains
and all roots and tubers (white potato, sweet potato, yam,
taro and cocoyam) in the ‘Starchy staples’ category
(Table 1, Scenario A). In the second scenario, plantains
were classified as fruits, and all roots and tubers were
classified as vegetables (Table 1, Scenario B).
We also had to decide how to treat dairy products, as the
DASH diet recommends consumption of low-fat dairy pro-
ducts but these products are scarce in Cameroon. In the
interest of constructing a food list reflective of available
products, we retained the full-fat products in the dairy group.
Calculation of target energy intake from each food
group
To calculate the target energy intake from each food
group, we began by calculating the serving size in grams
of each food item on the short list according to DASH
portion sizes, which differ for different items within a food
group. Then, for each food item we calculated the energy
content per serving. Next, we averaged the energy content
per serving for all foods within a food group, and then
multiplied this value by the total number of servings
recommended in the DASH pattern to yield the target
energy per food group (Table 1). Average serving sizes
were extracted from DASH guidance documents(53) and
converted into grams using information from the US
Department of Agriculture’s nutrient database(54). Energy
values were obtained from the West African Food Com-
position Tables(55) where available; remaining values not
present in the West African Food Composition Table were
obtained from the US Department of Agriculture’s
database(54).
The target number of servings per food group per day
was based on the DASH dietary pattern for a 2000 kcal
(8368 kJ) diet(53), although these are presented as ranges
for many foods and thus require some interpretation.
Specifically, for food groups for which a range was pre-
sented, the average value was used. We used values of 5·0
servings/d for meat (‘6 or less servings per day’) and 0·7
servings/d for nuts, seeds and legumes (‘4–5 servings per
week’). The small serving size for meat should be noted:
DASH specifies 1 oz (28·35 g) servings. This number of
servings per day yielded a total energy content of
2079 kcal (8698 kJ)/d for the first scenario (classifying
starchy fruits and vegetables with other starchy staples)
and 2280 kcal (9540 kJ)/d for the second scenario (classi-
fying starchy fruits and vegetables with other fruits and
vegetables). Rather than recommend a higher or lower
energy intake than the estimated population requirement
of 2100 kcal (8786 kJ)/capita per d (described above), and
to facilitate comparison between the two scenarios for the
reference diet, we adjusted the number of servings by
multiplying the number of servings suggested in the DASH
2000 kcal (8368 kJ)/capita per d plan by the ratio of
2100 kcal (8786 kJ)/2079 kcal (8698 kJ) and 2100 kcal
(8786 kJ)/2280 kcal (9540 kJ), respectively, to achieve a
total energy content of 2100 kcal (8786 kJ)/capita per d for
each version of the reference diet (Table 1).
Calculation of per capita energy supply using
national data
For each of the seven DASH food groups, the per capita
availability in the national food supply was estimated based
on 2011 country-level data for Cameroon from the FBS(56).
The FAO calculates the quantity (metric tons) of food
available for human consumption as the total supply (total
quantity produced in country plus total quantity imported)
minus quantities exported, fed to livestock, used for seed,
used for industrial purposes, and lost during storage and
transportation(57). Per capita food supply estimates (kg/per-
son) are then calculated by dividing the quantity of food
available for human consumption by the population size.
Finally, the per capita quantity of food available for human
consumption is converted to kcal/capita per d by multiplying
the edible portion of the per capita weight by its energy
value indicated in food composition tables.
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Table 1 Description of the reference dietary pattern based on the Dietary Approaches to Stop Hypertension (DASH) diet and adjusted to include food items that are commonly consumed in Cameroon
Scenario A, starchy fruits and vegetables are categorized with other starchy staples
Scenario B, starchy fruits and vegetables are categorized with other fruits and
vegetables
DASH food
group
Estimated no. of servings/d
recommended by DASH for
2000 kcal (8368 kJ) diet*
Example serving
sizes
‘Short list’ of food items
selected from dietary
data set† to represent
food group
No. of servings/d,
adjusted to
2100 kcal
(8786 kJ)/capita
per d
Average energy
content per serving
using Cameroonian
food patterns
(kcal/serving)
Average energy
content of food
group per day in
Cameroon DASH
pattern (kcal/capita
per d)‡
‘Short list’ of food items
selected from dietary data
set† to represent food
group
No. of servings/d,
adjusted to
2100 kcal
(8786 kJ)/capita
per d
Average
energy content
per serving
using
Cameroonian
food patterns
(kcal/serving)
Average energy
content of food
group per day in
Cameroon DASH
pattern, (kcal/d)‡
Dairy 2·5 1 cup milk or
yoghurt
Fresh whole cow’s milk,
powdered cow’s
milk, whole yoghurt
2·5 162 409 Fresh whole cow’s milk,
powdered cow’s milk,
whole yoghurt
2·3 162 373
Fats and oils 2·5 1 teaspoon of oil or
margarine
Groundnut, palm,
cottonseed and palm
kernel oil; margarine
2·5 39 98 Groundnut, palm,
cottonseed, and palm
kernel oil; margarine
2·3 39 89
Fruits 4·5 1 medium fruit;
½ cup fresh fruit
Bananas, oranges,
lemons/limes,
papayas
4·5 45 203 Bananas, oranges, lemons/
limes, papayas,
plantains
4·1 56 233
Grains (Starchy
staples)
7·0 1 slice bread;
½ cup cooked
rice, pasta or
cereal
Pasta/macaroni, bread,
rice, rice flour,
maize, maize flour,
millet, millet flour,
sorghum, plantains,
Irish potatoes, sweet
potatoes, cassava,
yam, taro, cocoyam
7·1 115 813 Pasta/macaroni, bread,
rice, rice flour, maize,
maize flour, millet, millet
flour, sorghum
6·4 117 752
Meat, poultry,
fish and
eggs
5·0 1 oz (28·35g)
cooked meat or
fish; 1 egg
Fish (ocean and
freshwater),
crustaceans, beef,
sheep meat, goat
meat, pork, chicken
eggs
5·1 59 300 Fish (ocean and
freshwater),
crustaceans, beef,
sheep meat, goat meat,
pork, chicken eggs
4·6 59 273
Nuts, seeds
and legumes
0·7 ½ cup cooked
legumes, 2
tablespoons
seeds
Beans, cowpeas,
groundnuts,
groundnut paste,
melon seed
0·7§ 163 117 Beans, cowpeas,
groundnuts, groundnut
paste, melon seed
0·7§ 163 107
Vegetables 4·5 ½ cup cooked
vegetable
Tomatoes, onions,
leeks, okra, cassava
leaves, string beans,
carrots, other
vegetables (green
leafy vegetables)
4·5 35 160 Tomatoes, onions, leeks,
okra, cassava leaves,
string beans, carrots,
other vegetables (green
leafy vegetables), Irish
potatoes, sweet
potatoes, cassava, yam,
taro, cocoyam
4·1 66 272
Total kcal/d 2100 2100
1 kcal= 4·184 kJ.
*See FAO(53).
†See Engle-Stone et al.(44).
‡Some values may differ from the product of the previous two columns due to rounding of the average kcal/serving.
§Calculated from 5 servings/week. The adjusted (2100 kcal (8786 kJ)) value is slightly lower but rounds to 0·7 servings/d.
To calculate the per capita daily energy supply, we first
assigned the food commodities listed in the 2011 Camer-
oon FBS to the seven DASH food groups. Next, we sum-
med the energy supply of each food commodity as
reported in the FBS (kcal/capita per d) for each of the
seven food groups and for the total of all seven groups. As
for the reference diet, we constructed separate scenarios
with starchy fruits and vegetables categorized along with
grains, or with their respective fruit and vegetable groups.
Food commodities reported in the FBS that were not
included in the DASH pattern (e.g. sugar, alcoholic bev-
erages, coffee and spices) were excluded.
Comparison of the national food supply with the
reference diet
The energy supply (kcal/capita per d) for each food group
was then compared with our calculations of target energy
intake for the two scenarios described above. For each
food group, the dietary gap was calculated as the energy
available in the food supply minus the target energy
intake.
Results
The per capita daily energy supply of foods in the
Cameroon 2011 food supply is depicted in Fig. 1. The
foods that provided the largest amounts of energy were
maize and cassava, providing 324 and 279 kcal (1356 and
1167 kJ)/capita per d, respectively. Other grains such as
sorghum, rice and wheat were also major sources of
energy. Among the fats and oils, palm oil was the pre-
dominant item (128 kcal (536 kJ)/capita per d). Among
fruits, plantains provided more energy than all other fruits
combined.
The Cameroon food supply is compared with the DASH
reference diet for the two scenarios on a per capita daily
energy basis in Table 2 and as a percentage of the DASH
reference diet amounts in Fig. 2. For both scenarios, the
largest deficit in the food supply was for dairy products:
the deficit was 346–382 kcal (1148–1598 kJ)/capita per d
and the supply provided only ~7% of the energy from
dairy recommended in the DASH diet. The second largest
gap in the food supply was for meat/poultry/fish/eggs: the
deficit was 161–188 kcal (674–787 kJ)/capita per d and the
supply was 37–41% of recommended in the DASH diet. In
Scenario A (with starchy fruits and vegetables categorized
in the starchy staples group) there were deficits of 111 and
96 kcal (464 and 402 kJ)/capita per d for fruits and vege-
tables, respectively, and an excess of 679 kcal (2841 kJ)/
capita per d for starchy staples. By contrast, in Scenario B
(with starchy fruits and vegetables categorized in their
respective fruit and vegetable groups), the deficit for
fruits was only 29 kcal (121 kJ)/capita per d and there was
an excess of 211 kcal (883 kJ)/capita per d for ‘vegetables’;
the excess of energy for starchy staples was reduced
to 209 kcal (874 kJ)/capita per d. In both scenarios, the
largest excesses in terms of percentage of the recom-
mended DASH reference diet amounts were for the
fats/oils and legumes/nuts/seeds groups, for which the
supply was 250–300% of the DASH reference diet
amounts. Although there was an excess of energy avail-
able from fats and oils, 53% came from palm oil. Other
major sources of fats and oils included groundnut oil,
cottonseed oil and animal fat. None of these provides a
good source of n-3 fatty acids, which are important for
good health(58).
In addition to assessing differences in the dietary gap
identified by our methods based on the way roots, tubers
and plantains are classified (Scenarios A and B), we also
explored the sensitivity of our methods to the type of dairy
products that were selected to populate the dairy group. In
particular, we substituted low-fat dairy products (1·5% fat
milk and low-fat yoghurt) in place of whole-fat dairy
products in the DASH reference diet, given the limited
availability and consumption of low-fat dairy products in
Cameroon. If full-fat dairy foods were replaced with low-
fat versions, the deficit in the dairy product supply in
Cameroon would decrease by about 70 kcal (293 kJ)/
capita per d, remaining very large (>200 kcal (>837 kJ)/
capita per d). The gaps for the other food groups would
change only slightly because the reduction in energy from
dairy products in the low-fat dairy DASH reference diet
pattern would be offset by slight increases in energy from
all of the other food groups (to total to the target of
2100 kcal (8786 kJ)/capita per d).
Discussion
We developed a methodology to assess the adequacy
of a national food supply with respect to a healthy
dietary pattern. Application of this method to a test
country, Cameroon, revealed large gaps in availability of
animal-source foods, with a deficit of ~350–380 kcal
(~1464–1590 kJ)/capita per d for dairy products and
another ~160–190 kcal (~669–795 kJ)/capita per d for
meat, poultry, fish and eggs. When roots, tubers and
plantains were categorized in the starchy staples group,
there were deficits of ~100 kcal (~418 kJ)/capita per d for
vegetables and ~110 kcal (~460 kJ)/capita per d for fruits,
and an excess of ~680 kcal (~2845 kJ)/capita per d for
starchy staples. When roots and tubers were categorized
as vegetables and plantains were categorized as fruits,
the deficit for ‘vegetables’ disappeared and the deficit for
‘fruits’ was reduced to ~30kcal (~126kJ)/capita per d.
However, from a dietary perspective, classifying roots, tubers
and plantains with grains is more appropriate because of the
way these foods are typically consumed (as starchy staples
rather than as side dishes) and their nutrient profile.
We selected the DASH diet as our reference diet
because its efficacy for health promotion is based on
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evidence from a randomized intervention trial (albeit from
a single country) and the recommendations are general
enough to allow tailoring of specific foods within each
food group to reflect local food preferences and supply.
Similarly rigorous evidence for the potential health-
promoting effects of major adaptations of the DASH diet
(e.g. for a vegetarian version or one that is significantly
more plant-based) is not yet available, making it challen-
ging to identify an alternative to the DASH diet for broader
use. It could be argued that some of the gaps identified
for certain food groups may reflect the cultural context
in which the DASH diet was developed (e.g. relatively
high suggested intake of dairy products and lower con-
sumption of nuts, seeds and legumes when compared
with a diet more typical of West Africa), as discussed
below. In general, however, our results reveal a food
supply for Cameroon with, on average, adequate energy
availability but shortfalls in the supply of foods that
are micronutrient-dense. Because the DASH diet was
developed with a focus on reduction in chronic disease
risk, but micronutrient deficiencies are still prevalent in
countries such as Cameroon, we conducted an explora-
tory analysis (see online supplementary material) to con-
firm whether the constructed healthy diet would improve
adequacy of intake of five key micronutrients (vitamin A,
vitamin B12, folate, Zn and Fe). We found that the hypo-
thetical diet would greatly reduce the predicted pre-
valence of inadequate micronutrient intakes, compared
with individual dietary intake data collected from
women in a nationally representative dietary survey in
Cameroon. Other analyses of FBS data suggest inadequate
micronutrient density of the available food supply in
Cameroon and elsewhere in sub-Saharan Africa, which is
consistent with our observation of gaps in the supply
of fruits, vegetables and animal-source foods(38,39).
Analyses of available Zn in the food supply conducted
by Wessells and Brown(39) and Arsenault et al.(40) revealed
a high prevalence of inadequate Zn availability (33%)
for Cameroon. FBS analyses by Arsenault et al. also pre-
dicted a high prevalence of inadequate vitamin A intakes
in Cameroon, but not for folate and several other micro-
nutrients(40). However, these analyses assessed nutrient
inadequacies rather than the overall dietary pattern.
There are several limitations associated with the metho-
dology and data we used to estimate the dietary gap
between a country’s food supply and the food that would
be required for its population to achieve a ‘healthy’ diet.
First, recommended food group consumption in the DASH
diet and other food-based dietary guidelines is often
expressed as a range of servings. We used the approx-
imate midpoint of this range to operationalize the diet;
future work could incorporate sensitivity analyses using
both low and high values. Second, identifying a reference
diet that is both widely culturally appropriate/adaptable as
Table 2 Comparison of daily per capita energy of Cameroon food supply with the Dietary Approaches to Stop Hypertension (DASH)
reference diet patterns derived for Cameroon
Scenario A, starchy fruits and vegetables
categorized with starchy staples
Scenario B, starchy fruits and vegetables categorized
with fruits and vegetables
Food group
Energy supply
(kcal/capita per d)
Energy gap*
(kcal/capita per d)
Energy supply
(kcal/capita per d)
Energy gap*
(kcal/capita per d)
Dairy 27 –382 27 –346
Fats and oils 242 144 242 153
Fruits 92 –111 204 –29
Grains (Starchy staples) 1492 679 961 209
Meat, poultry, fish and eggs 112 –188 112 –161
Nuts, seeds and legumes 329 212 329 222
Vegetables 64 –96 483 211
Total 2358 258 2358 258
1 kcal= 4·184 kJ.
*Difference between the food supply and the Cameroon DASH reference diet pattern.
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well as evidence-based is a challenge. Because the DASH
diet was originally developed for application in the USA
and thus reflects the dietary preferences of Americans, the
recommended amounts for each food group (i.e. number
of servings and/or serving sizes) may not be appropriate
globally. For example, the DASH diet includes 85–170 g of
lean meats, poultry and fish daily. When populated with
foods commonly consumed in Cameroon and under the
conservative assumptions that all dairy products are low-
fat and all fats and oils are from plant sources, the DASH
diet includes ~33% of energy from animal-source foods.
This is well above the estimated national availability of
energy from animal-source foods in Cameroon, which is
approximately 6%(56), and estimated intakes of animal-
source foods among women and children (~7–9% of total
energy)(59). In addition, research on the environmental
and health impacts of intensive production and con-
sumption of animal-source foods has sparked global dia-
logue on sustainable diets. It is possible that diets with a
lower percentage of energy from animal-source foods may
adequately promote health and be more affordable, cul-
turally appropriate and sustainable in some settings.
Another example is that the recommended consumption
of nuts, seeds and legumes in the DASH diet is only three
to five servings weekly. Given that there are health
advantages to frequent consumption of legumes(60) and
nuts in particular(61,62), a reference ‘healthy diet’ that
incorporates at least one serving daily from this food
group may be more appropriate. This may also make the
reference ‘healthy diet’ a better fit for countries like
Cameroon where legumes and seeds, such as groundnuts
and squash or pumpkin seeds, are frequently consumed.
To address some of these issues, we made a rough
comparison between the hypothetical DASH diet for
Cameroon and the recently published Benin Food Guide,
which aimed to contribute to national efforts to ‘halt the
progression of chronic diseases while ensuring adequate
intake to prevent deficiencies’(63). The guide was devel-
oped using linear programming to identify optimal
amounts of foods per food group that could meet both
nutrient requirements and dietary guidelines, while being
consistent with local food habits(64). These amounts were
then expressed as a daily number of servings, giving ser-
ving size examples. Given that the publicly available food
guide includes only a few suggested foods, we were not
able to completely translate the recommendations to
perform a quantitative analysis as we did with the DASH
diet. However, for a rough comparison we converted the
recommended number of servings in each food group of
the Benin Food Guide to the approximate amount of
energy from each food group, and adjusted the resulting
diet to total 2100 kcal (8786 kJ). In terms of dietary gaps,
the two patterns result in similar supply shortfalls of fruits
and vegetables. The Benin Food Guide places both plant-
and animal-source protein-rich foods into a single food
group and thus allows for meeting recommendations for
that food group without consuming any animal-source
foods; this means that the gap in meat, poultry, fish and
eggs identified using DASH would be eliminated. There
would still be a gap in dairy products using the Benin
Food Guide, but it would be about half the size of the gap
identified using the DASH diet. Thus, if using the Benin
Food Guide, certain gaps would be less evident or smaller.
However, it is not clear whether this approach would
result in similar health benefits as following a DASH-type
diet because no intervention trials have been conducted
based on the Benin Food Guide (which is the case for all
national food-based dietary guidelines to date). For
example, it is likely that without requiring any animal-
source foods in the ‘protein’ food group, intakes of certain
micronutrients would be lower (e.g. Ca, Fe, Zn, vitamin
B12), with potential implications for some health out-
comes. Ideally, intervention studies for dietary patterns
adapted for specific countries would be tested in settings
for which they are intended. However, due to the cost and
complexity of such studies, it will be necessary to take
steps to address the growing burden of chronic diseases in
low-income settings before such information is available.
Several limitations of the FBS data also merit note
because of potential implications for the accuracy and
application of our estimates(65). First, the FAO estimates of
the quantity of food available for human consumption
may not fully or accurately capture non-commercial or
subsistence production, which can be substantial in
developing countries. Second, the estimates do not
account for wastage at the household level (e.g. losses
during household storage or food preparation, as feed for
domestic animals/pets, etc.). Finally, the FBS data do not
allow for analysis of seasonal or geographic differences in
the food supply, nor do they account for variability in
access and utilization by gender, age and socio-economic
status subgroups(4,66). Because the data are provided at the
country level and at an annual time step, food distribution,
access and utilization issues are not reflected in our ana-
lysis, and our estimates represent the annual average
amount of energy available per person per day. Despite
these limitations, the FBS data are of great utility because
they are made publicly available on an annual basis for a
very comprehensive set of countries and the methods
used to estimate national-level food supplies are, to the
extent possible, fairly consistent across countries(39,40).
While dietary gaps can be assessed using household- or
individual-level food consumption data, which allow for
disaggregation, these data are influenced by many factors
such as preferences and economic access and do not
directly represent national food availability.
The ‘dietary gap assessment’ approach described
herein can be expanded to other countries using available
information on commonly consumed foods to compile
appropriate food groupings for a country-specific DASH
pattern. We used Cameroon as a case study because
we had access to recent individual-level nationally
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representative dietary intake information in order to
populate the DASH food groups with country-specific
foods, but this type of information is not available for most
countries. Another potential source of information on
commonly consumed foods are nationally representative
household consumption and expenditure surveys which
are conducted in many developing countries by govern-
ment statistical services or through the World Bank’s Liv-
ing Standards Measurement Study, usually more widely
and frequently than individual-level consumption studies.
Household consumption and expenditure surveys typi-
cally include a list of foods known to be consumed in the
country and respondents are asked how much of each
food the household acquired and/or consumed during
some reference period. Other options include more
disaggregated data available from FAOSTAT on produc-
tion and trade amounts of foods for each country,
although these data are somewhat limited in complete-
ness, or published reports from local dietary intake
assessments.
Conclusions and implications
Many countries are likely to have large gaps in supply of
animal-source foods, fruits and vegetables relative to the
amounts needed to achieve ‘healthy diet’ patterns. Some
of these gaps are evident even in high-income countries.
For example, in the USA, analyses of the food supply
conducted over the course of several decades have
repeatedly demonstrated inadequate supply of fruits and
vegetables to meet US Government dietary recommen-
dations(25,67,68). Similarly, Siegel et al. documented inade-
quate supply of fruits and vegetables at the global level(37).
Concern regarding the ability of the food system to
nourish a growing population has precipitated numerous
scientific and high-level meetings(69). Although there
needs to be continued attention to the overall adequacy of
the global food supply to meet energy needs, a focus on
staple food production will not address the need for
greater dietary diversity and healthier dietary patterns(70).
The type of analysis presented in the current paper
highlights the need for and can help inform the develop-
ment of strategies to increase both the supply and demand
for the foods needed for a healthy diet. Action is needed
on several fronts, including increased production, increased
demand and reduced post-harvest losses and other wastage,
accompanied by broader strategies aimed at reducing
inequity in access to affordable healthy foods. Country-level
dietary gap analysis, as illustrated herein, could provide a
useful contribution to ongoing policy dialogues on agri-
cultural and food system priorities. This information may be
particularly useful in discussions related to policies and
investments that promote improved production of and
access to more diverse foods(23), and would complement
existing economic and ecological analyses that support the
benefit of greater diversification(71,72).
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